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ABSTRACT
The h e m o f l a g e l l a t e  Trvpanoplasma b u l l o c k i  ( S t r o u t )  i n f e c t s  
j u v e n i l e  summer f l o u n d e r  P a r a l i c h t h y s  d e n t a t u s  ( L in n a e u s )  from the  
lower  uhesapeake  Bay i n  f a l l  and w i n t e r ,  b u t  i s  n o t  d e t e c t a b l e  i n  
summer f l o u n d e r  i n  th e  s p r i n g  when w a t e r  t e m p e r a t u r e  i n c r e a s e s *  To 
d e t e r m in e  i f  t h e  h o s t ' s  humoral  immune system i s  r e s p o n s i b l e  f o r  t h i s  
d i s a p p e a r a n c e s  an im muno-blot  enzyme a s s a y  was used  to  m easure  
s p e c i f i c  a n t i b o d y  p r o d u c t i o n  o f  immunized,  e t h a n o l - t r e a t e d ,  and non­
immunized summer f l o u n d e r  m a i n t a i n e d  a t  20°C and am bien t  e n v i ro n m e n ta l
t e m p e r a t u r e  (2 ° -25°C )*  At 20°C immunized and e t h a n o l - t r e a t e d  f i s h  had 
s i g n i f i c a n t l y  h i g h e r  a n t ib o d y  t i t e r s  t h a n  c o n t r o l  (non-immunized)  
f i s h ,  b u t  a l l  f i s h  were a b l e  t o  e l i m i n a t e  t h e  i n f e c t i o n  w i t h i n  e i g h t  
weeks .  At am bien t  t e m p e r a t u r e s ,  f i s h  t h a t  s u r v i v e d  d id  n o t  e l i m i n a t e  
t h e  f l a g e l l a t e  u n t i l  26-34  weeks p o s t - c h a l l e n g e  w i t h  l i v e  f l a g e l l a t e s .  
M o r t a l i t y  was 60% i n  immunized f i s h ,  and 50% i n  e t h a n o l - t r e a t e d  and 
c o n t r o l  f i s h ,  w i t h  t h e  h i g h e s t  o c c u r r e n c e  o f  m o r t a l i t i e s  i n  J a n u a ry
and F e b ru a ry  when w a t e r  t e m p e r a t u r e  was be low 5°C.
Attempted  s u p p r e s s i o n  o f  t h e  immune r e s p o n s e  v i a  e t h a n o l  i n j e c ­
t i o n  was n o t  s u c c e s s f u l .  P r o t e c t i v e  immunity o f  f i s h  t h ro u g h  
im m uniza t ion  o f  f o r m a l i n - k i l l e d  Trvpanoplasma b u l l o c k i  d id  n o t  o c c u r ;
however,  p r o t e c t i v e  immunity was e s t a b l i s h e d  i n  f i s h  k e p t  a t  20°C 
t h a t  r e c o v e re d  from T. b u l l o c k i  i n f e c t i o n s .  R echa l le nged  summer 
f l o u n d e r  e x h i b i t e d  t y p i c a l  s eco n d a ry  immune r e s p o n s e  w i t h  t i t e r s  5 
t im e s  g r e a t e r  t h a n  t i t e r s  o f  t h e  p r im a ry  immune r e s p o n s e .
N a t u r a l l y  i n f e c t e d  summer f l o u n d e r  c o l l e c t e d  from th e  ro rk  R ive r  
e x h i b i t e d  s i m i l a r  p a t t e r n s  and m a g n i tu d es  o f  a n t i b o d y  t i t e r  and 
f l a g e l l a t e  i n t e n s i t y  a s  c o n t r o l  f i s h  m a i n t a i n e d  a t  ambien t  
t e m p e r a t u r e .  The p r e v a l e n c e  o f  Trypanoplasma b u l l o c k i  i n  f l o u n d e r  from 
th e  York K iver  was h i g h e s t  from December t o  J a n u a r y ,  and g r a d u a l l y  
d e c r e a s e d  i n  t h e  s p r i n g .  By J u l y  no i n f e c t e d  summer f l o u n d e r  were 
fo u n d .  A f t e r  t h e  i n i t i a l  g rowth  p hase  o f  t h e  f l a g e l l a t e ,  a n t ib o d y  
t i t e r  v a r i e d  d i r e c t l y  w i t h  t e m p e r a t u r e  and t i t e r  was i n v e r s e l y  r e l a t e d  
t o  f l a g e l l a t e  i n t e n s i t y  i n  b o t h  e x p e r i m e n t a l l y  and n a t u r a l l y  i n f e c t e d  
summer f l o u n d e r .  T h e r e f o r e ,  t h e  immune sys tem o f  summer f l o u n d e r  
a p p e a r s  t o  be  r e s p o n s i b l e  f o r  t h e  s p r i n g  d i s a p p e a r a n c e  o f  X*. b u l l o c k i .
THE SEASONAL IMMUNE RESPONSE IN  JUVENILE SUMMER FLOUNDER ( PARALICHTHYS 
DENTATUS) TO THE HEMOFLAGELLATE TRYPANOPLASMA BULLOCKI IN  THE LOWER 
CHESAPEAKE BAY.
INTRODUCTION
The hemofl  age H a t e  Trvpanoplasma b . u l l o c k i  ( S t r o u t )  i n f e c t s  a wide 
v a r i e t y  o f  e s t u a r i n e  and m a r in e  f i s h e s  a long  t h e  A t l a n t i c  c o a s t  o f  
N or th  America from th e  Gulf  o f  Maine t o  t h e  G u l f  o f  Mexico ( S t r o u t ,  
1965; L a i rd  and B u l l o c k ,  1969; Becker  and O v e r s t r e e t ,  1 9 7 9 ) ,  Most X*. 
b u l l o c k i  i n f e c t i o n s  o c c u r  i n  j u v e n i l e  f i s h e s  i n h a b i t i n g  i n s h o r e  b r a c k ­
i s h  w a t e r s  (Becker  and O v e r s t r e e t ,  1979 ) .  In  t h e  Chesapeake Bay,  
B u r r e s o n  and Zwerner (1982) obse rved  T. b u l l o c k i  i n  a t  l e a s t  t h i r t e e n  
s p e c i e s  o f  t e l e o s t  f i s h e s ,  and th e y  obse rved  t h e  f l a g e l l a t e  t o  be 
most  p r e v a l e n t  i n  t h e  h o g c h o k e r ,  T r i n e c t e s  m a c u la t u s  (B loch  and 
S c h n e i d e r ) ,  and t h e  summer f l o u n d e r ,  P a r a l i c h t h v s  d e n t a t u s  ( L i n n a e u s ) .
B u r r e s o n  (1982)  d e m o n s t r a t e d  t h a t  Trypanoplasma b u l l o c k i  i s  
t r a n s m i t t e d  by an i n t e r m e d i a t e  h o s t  ( v e c t o r ) ,  t h e  l e e c h  C a l l i o b d e l l a  
v i v i d a  ( V e r r i l l ) .  C a l l i o b d e l l a  v i v i d a  i s  p r e s e n t  i n  t h e  Chesapeake  
Bay from September to  A p r i l  when a v e ra g e  w a t e r  t e m p e r a t u r e  i s  below 
22°C (Sawyer and Hammond; 1973,  B u r r e s o n  and Zw erner ,  198 2 ) .  The 
v e c t o r  phase  o f  th e  l i f e  c y c l e  o f  X«. b u l l o c k i  i s  s i m i l a r  t o  t h a t  o f  
o t h e r  m a r in e  t ry p a n o p la s m s  ( B u r r e s o n ,  1978; Lorn, 1979) where i n g e s t e d  
f l a g e l l a t e s  d i v i d e  and m u l t i p l y  i n  t h e  c ro p  and p o s t e c a  o f  t h e  l e e c h .  
The i n f e c t i v e  e l o n g a t e d  f l a g e l l a t e s  d ev e lo p  w i t h i n  t e n  t o  tw e lve  d a y s ,  
and th e n  m i g r a t e  t o  t h e  p r o b o s c i s  s h e a t h  o f  t h e  l e e c h .  The f l a g e l l a t e s  
a r e  t h e n  t r a n s m i t t e d  t o  th e  f i s h  h o s t  w h i l e  th e  l e e c h  i s  f e e d i n g .
2
3The o bse rved  c y c l e  o f  Trvpanoplasma b u l l o c k i  i n  t h e  f i s h  h o s t  
b e g i n s  w i t h  a s h o r t  lag  phase  where t h e  f l a g e l l a t e  i s  a b s e n t  from th e  
p e r i p h e r a l  b lo o d  ( B u r r e s o n ,  1982 ) .  The n e x t  phase  i s  an a p p ea ran ce  of  
f l a g e l l a t e s  i n  th e  c i r c u l a t o r y  sy s t e m ,  fo l lowed  by an i n c r e a s e  i n  
p a r a s i t e m i a  which may r e s u l t  i n  m o r t a l i t y  o f  t h e  h o s t  (B u r r e s o n ,
1982 ) .
Summer f l o u n d e r  i s  an  im p o r t a n t  commercia l  s p e c i e s  on th e  e a s t  
c o a s t  o f  t h e  U nited  S t a t e s .  I t s  g e o g r a p h i c  d i s t r i b u t i o n  encompasses 
t h e  e s t u a r i n e  and c o n t i n e n t a l  s h e l f  w a t e r s  from F l o r i d a  t o  Maine 
(B ige low and S c h r o e d e r ,  1953) b u t  i t  i s  most  abundant  from Cape Cod, 
M a s s a c h u s e t t s  t o  Cape Lookou t ,  Nor th  C a r o l i n a  (Sm ith  and D a i b e r ,
197 7 ) .  J u v e n i l e  summer f l o u n d e r  u s e  e s t u a r i e s  as  n u r s e r y  g rounds  
from t h e  t im e  o f  t h e i r  r e c r u i t m e n t  i n  w i n t e r  t o  l a t e  summer o f  t h e i r  
second y e a r  (Pow el l  and S w a r tz ,  197 7 ) .
In  t h e  Chesapeake Bay th e  g r e a t e s t  number o f  y e a r l i n g s  a r e  t a k e n  
from below th e  Potomac R iv e r  ( H i ld e b ra n d  and S h ro e d e r ,  1928 ) .  During 
t h e  w i n t e r ,  j u v e n i l e  summer f l o u n d e r  m i g r a t e  toward th e  mouth o f  t h e  
Chesapeake Bay and a d j o i n i n g  n e a r s h o r e  c o a s t a l  w a t e r s  where h i g h e r  
s a l i n e  c o n d i t i o n s  h e lp  t o  i n c r e a s e  g row th  e f f i c i e n c y  (P ow e l l  and 
S w a r tz ,  197 7 ) .  Some j u v e n i l e  summer f l o u n d e r  o v e r w i n t e r  i n  th e  lower 
r e a c h e s  o f  th e  York and James R i v e r s ,  t h e  two seaward most  t r i b u t a r i e s  
o f  th e  Chesapeake Bay.  During th e  l a t e - f a l l  th ro u g h  e a r l y  s p r i n g ,  
j u v e n i l e  summer f l o u n d e r  a r e  exposed  t o  Trypanoplasma b u l l o c k i  i n f e c ­
t i o n  (B u r r e s o n  and Zwerner ,  1982 ) .  A d u l t  summer f l o u n d e r  m i g r a t e  
o f f s h o r e  i n  e a r l y  f a l l  and a r e  g e n e r a l l y  n o t  exposed t o  X* b u l l o c k i .
Summer f l o u n d e r  become i n f e c t e d  soon a f t e r  t h e  l e e c h e s  have begun 
to  h a t c h  from t h e i r  cocoons  i n  November (B ur re son  and Zwerner ,  1982 ) .
4Trvpanoplasma b u l l o c k i  i n f e c t e d  f l o u n d e r  a r e  found th ro u g h o u t  th e  
w i n t e r  and e a r l y  s p r i n g .  As w a te r  t e m p e r a t u r e  i n c r e a s e s  i n  th e  s p r i n g ,  
th e  number o f  i n f e c t e d  f i s h  and th e  i n t e n s i t y  o f  i n f e c t i o n  d e c r e a s e s  
(Sypek and B u r r e s o n ,  19 8 2 ) .  No i n f e c t e d  f l o u n d e r  were  found a f t e r  
mean w a t e r  t e m p e r a t u r e s  reac hed  22°C d u r in g  June (Sypek and B u r r e s o n ,  
1982 ) .  However,  t h e  h o g c h o k e r ,  a r e s i d e n t  s p e c i e s  o f  t h e  Chesapeake 
Bay,  i s  i n f e c t e d  y e a r  r o u n d .  B u r re so n  and Zwerner (1982) a t t r i b u t e d  
th e  s e a s o n a l i t y  i n f e c t i o n  p a t t e r n  i n  f l o u n d e r  t o  be  " t h e  r e s u l t  o f  
h o s t - m e d i a t e d  e f f e c t s  r a t h e r  th a n  o f  p a r a s i t e  t e m p e r a t u r e  t o l e r a n c e . "  
The h o s t - m e d i a t e d  e f f e c t s  a r e  c o n s i d e r e d  t o  be  th e  immune r e s p o n s e  
t h a t  i s  r e s p o n s i b l e  f o r  t h e  e l i m i n a t i o n  o f  th e  f l a g e l l a t e  (Sypek and 
B u r r e s o n ,  1983; B u r re s o n  and Zw erner ,  1984 ) .
S ince  th e  e a r l y  1 9 0 0 ' s ,  e v id e n c e  has  i n d i c a t e d  t h a t  t h e  immune 
re s p o n s e  i n  p o i k l i o t h e r m i c  v e r t e b r a t e s  i s  t e m p e r a t u r e  depende n t  (Lorn, 
1969; A v t a l i o n ,  1981; MacArthur,  F l e t c h e r ,  and Thomson, 1983) .  I t  i s  
a l s o  known t h a t  f i s h  p roduce  a n t i b o d i e s  which a r e  p a r t  o f  t h e  humoral  
immune sys tem  (A nderson ,  1974) .  A v t a l i o n  (1981)  and o t h e r s  (Bar row,  
1954,  1955; S t o l e n  e t  a l . ,  1982) have observed  a com ple te  o r  s e v e r e  
r e d u c t i o n  o f  a n t ib o d y  t i t e r s  i n  c o l d -b l o o d e d  v e r t e b r a t e s  m a in t a i n e d  a t  
low t e m p e r a t u r e s  (8-12°C o r  b e l o w ) .  O ther  i n v e s t i g a t o r s  obse rved  only  
an ex tended  l a t e n t  p e r i o d  i n  t h e  a p p e a ra n c e  o f  c i r c u l a t i n g  a n t i b o d i e s  
in  f i s h  k e p t  a t  low t e m p e r a t u r e s ,  b u t  obse rved  no r e d u c t i o n  i n  an­
t i b o d y  t i t e r  ( T a i t ,  1969; R i j k e r s ,  1980,  1981; S t o l e n  e t  a l . ,  1984) .
The immune r e s p o n s e  i n  c o l d -b l o o d e d  v e r t e b r a t e s  i s  n o t  s o l e l y  a f f e c t e d  
by t e m p e r a t u r e ,  b u t  i s  a l s o  a f f e c t e d  by t h e  type  o f  i n f e c t i o n  ( v i r a l ,  
b a c t e r i a l  o r  p a r a s i t i c )  ( Lom, 1969 ) ,  th e  a n t i g e n  d o se  (Wehnert  and
5Woo, 1980; Woo, 1981) ,  and th e  im munologica l  competence o f  th e  i n ­
d i v i d u a l  ( C o t t r e l l ,  1977; Manning and Mughal ,  1985) .
T em pera tu re  i s  th o u g h t  to  be  one o f  th e  most  im p o r t a n t  f a c t o r s  in  
c o n t r o l l i n g  t h e  immune r e s p o n s e  i n  summer f l o u n d e r  a g a i n s t  
t r y p an o p la s m  i n f e c t i o n .  Sypek and B ur reson  (1982)  obse rved  an i n c r e a s e  
i n  t r y p a n o p l a s m a c i d a l  l y s i s  a c t i v i t y  when w a t e r  t e m p e r a t u r e s  were 
e l e v a t e d ,  and a l s o  obse rved  e l i m i n a t i o n  o f  Trvpanoplasma b u l l o c k i  from 
summer f l o u n d e r  i n  e x p e r i m e n t a l  i n f e c t i o n s  a t  24°C and n a t u r a l  i n f e c ­
t i o n s  a t  22°C. They h y p o th e s i z e d  t h a t  t h e  humoral  immune r e s p o n s e  o f  
summer f l o u n d e r  was enhanced i n  t h e  s p r i n g ,  which r e s u l t e d  i n  
e l i m i n a t i o n  o f  t r y p an o p la s m  i n f e c t i o n  (Sypek and B u r r e s o n ,  1982) .
The h y p o t h e s i s  t e s t e d  i n  t h i s  s tu d y  was t h a t  t h e  p r o d u c t i o n  o f  
s p e c i f i c  a n t i b o d i e s  ( p a r t  o f  t h e  humoral  immune sys tem)  by summer 
f l o u n d e r ,  P a r a l i c h t h y s  d en taL uS ,  a g a i n s t  t h e  h e m o f l a g e l l a t e  
Trypanoplasma b u l l o c k i  i s  d i r e c t l y  r e l a t e d  t o  th e  am bien t  envi ronmen­
t a l  t e m p e r a t u r e ,  and t h a t  t h e  e l i m i n a t i o n  o f  £«. b u l l o c k i  i n  t h e  s p r in g  
from t h e  summer f l o u n d e r s "  p e r i p h e r a l  c i r c u l a t o r y  sys tem i s  t h e  d i r e c t  
r e s u l t  o f  t e m p e r a t u r e  enhanced a n t ib o d y  p r o d u c t i o n  • A ntibody  t i t e r s  
and T,. b u l l o c k i  i n t e n s i t y  from i n d i v i d u a l  summer f l o u n d e r  exper imen­
t a l l y  i n f e c t e d  were fo l low ed  o v e r  a t e m p e r a t u r e  and t ime reg im e 
s i m u l a t i n g  t h e  n a t u r a l  i n f e c t i o n  p e r i o d .  Seasona l  v a r i a t i o n  of  £*. 
b u l l o c k i  i n f e c t i o n s  and a n t ib o d y  p r o d u c t i o n  i n  n a t u r a l l y  i n f e c t e d  
summer f l o u n d e r  c o l l e c t e d  from th e  York R ive r  was a l s o  exam ined .  In  
a d d i t i o n ,  t h e  e f f e c t  o f  im m uniza t ion  and e t h a n o l  i n j e c t i o n  on th e  
humoral  immune r e s p o n s e  i n  e x p e r i m e n t a l l y  i n f e c t e d  summer f l o u n d e r  was 
s t u d i e d .  S t o l e n  e t  a l .  (1985)  found t h a t  an i n j e c t i o n  o f  95% e t h a n o l  
b e f o r e  im m uniza t ion  s u p p re s s e d  th e  humoral  immune r e s p o n s e  o f  summer
f l o u n d e r  a g a i n s t  t h e  b a c t e r i a  E s c h e r i c h i a  c o l i .Summer f l o u n d e r  were 
immunized w i t h  e i t h e r  an i n t r a p e r i t o n e a l  o r  i n t r a m u s c u l a r  i n j e c t i o n  of  
f o r m a l i n - k i l l e d  £*. b u l l o c k i .
The enzyme -  l i n k e d  immunoblot  a s s a y ,  a v e r s i o n  o f  t h e  enzyme -  
l i n k e d  immunosorbent a s s a y  (ELISA) was used  to  measure  th e  amount o f  
s p e c i f i c  a n t ib o d y  b e in g  produced  ( V o l l e r  e t  a l . ,  1979) .  The immunoblot 
a s s a y  u s e s  a n i t r o c e l l u l o s e  membrane as  opposed to  a p o l y s t y r e n e  
t i t e r  p l a t e  (ELISA) f o r  t h e  s o l i d  p h a s e .  A s e r i e s  o f  a n t i g e n - a n t i b o d y  
r e a c t i o n s  a r e  bound to  t h e  s o l i d  p h a s e ,  and th e n  measured  by an enzyme 
s u b s t r a t e  r e a c t i o n  (Hawkes e t  a l . ,  1982) .  Immunoblot i s  an e f f i c i e n t  
t o o l  i n  d e t e c t i n g  c i r c u l a t i n g  a n t i b o d i e s  i n  n a t u r a l l y  and exper im en­
t a l l y  d i s e a s e d  f i s h .  Advan tages  o f  t h e  enzyme immunoassay in c l u d e  
s e n s i t i v i t y ,  r e p r o d u c i b i l i t y ,  and s t a b i l i t y  o f  r e a g e n t s  (Y o lken ,
MATERIALS AND METHODS
LABORATORY EXPERIMENT 
C o l l e c t i o n  and M ain tenance
S i x t y - e i g h t  j u v e n i l e  summer f l o u n d e r  (150-230 mm) were c o l l e c t e d  
by o t t e r  t r a w l  from th e  lower  York R ive r  d u r i n g  th e  summer of  1984.  
F i s h  were  d i v i d e d  i n t o  t h r e e  g ro u p s  o f  20 f i s h  and tagged  w i t h  num­
b e re d  t a g s .  Group 1 f i s h  were  e t h a n o l - t r e a t e d  ( E T O H - t r e a t e d ) , Group 2 
f i s h  were immunized,  and Group 3 f i s h  were used  as  th e  c o n t r o l  (non­
immunized).  F i f t e e n  f i s h  from each  group were m a in t a i n e d  in  one in d o o r  
r e c t a n g u l a r  ta n k  ( 0 . 6  X 3 .2  m) w i t h  f low ing  York R iv e r  w a t e r  a t  am­
b i e n t  t e m p e r a t u r e .  The r em a in ing  f i v e  f i s h  from each  group  were p la c e d  
i n  an a e r a t e d ,  f i l t e r e d  w a t e r  sy s t e m ,  and w a t e r  t e m p e r a t u r e  was k e p t  
a t  20 + 1°C. A f o u r t h  group c o n t a i n i n g  e i g h t  non-immunized f i s h  was 
a l s o  k e p t  a t  20 + 1° C. F i s h  were fed  l i v e  shr imp ( Pa le omonete s  
PUgln > CrangPH septemspinps ,a )  > o r  f r o z e n  squ id  d a i l y .
Immunization and In fec tio n
Each f i s h  from Group 1 ( e t h a n o l - t r e a t e d  f i s h )  was i n j e c t e d  w i th  
0 .0 5  ml of  95% e t h a n o l  i n t r a p e r i t o n e a l l y  on O ctober  10,  1984.  One week 
l a t e r ,  a l l  f i s h  (Groups 1,  2 ,  and 3)  were b l e d  and checked f o r  
t ry p a n o p la s m  i n f e c t i o n .  At th e  same t i m e ,  f i s h  from Group 1 and Group 
2 (immunized f i s h )  were  i n j e c t e d  e i t h e r  i n t r a p e r i t o n e a l l y  ( IP )  or  
i n t r a m u s c u l a r l y  (IM) r e s p e c t i v e l y  w i t h  1 .50  -  1 .52  x 10^ f o r m a l in  
p r e s e r v e d  Trvpanoplasma b u l l o c k i  i n  p h o s p h a te  b u f f e r  s a l i n e ,  PBS
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8(Appendix I )  o r  a 1:1  r a t i o  o f  PBS to  F r e u n d ' s  com ple te  ad ju v an t*
These f i s h  were i n j e c t e d  f i v e  days  l a t e r  w i t h  th e  same amount o f  f i x e d  
f l a g e l l a t e s  IP o r  IM* F i s h  from Group 3 ( c o n t r o l  f i s h )  were i n j e c t e d  
w i t h  0*2 ml o f  PBS* Three weeks a f t e r  t h e  f i r s t  im m u n iz a t io n , f i s h  
were c h a l l e n g e d  w i t h  l i v e  f l a g e l l a t e s  which were  e i t h e r  i n j e c t e d  IP 
(1*3 X 10^ T. b u l l o c k i  i n  0 .1  ml o f  minimum e s s e n t i a l  medium 
(MEM)/20% f e t a l  c a l f  serum (FCS) c u l t u r e )  o r  f i s h  were  fed  on by 
i n f e c t e d  l e e c h e s .  A f t e r  i n f e c t i o n  , f i s h  were  b l e d  on a weekly 
s c h e d u le  th ro u g h  December* th e n  month ly  t h ro u g h  March,  and b im o n th ly  
th ro u g h  J u n e .
F i s h  from Group 4 were i n j e c t e d  IP w i t h  1 .3  x 10^ l i v e  
f l a g e l l a t e s .  F i s h  were b l e d  weekly  f o r  11 w eeks .  Dur ing  week 12 ,  fo u r  
f i s h  were  r e c h a l l e n g e d  w i t h  1 .3  X 10"* IP i n j e c t i o n s  o f  l i v e  
f l a g e l l a t e s .  F i s h  from Group 4 were th e n  b l e d  b i m o n t h l y .
P r e p e r a t i o n  o f  S e ra
One b lo o d  sample was c o l l e c t e d  a t  each  sampl ing  p e r i o d  from t h e  
c a u d a l  hemal a r c h  o f  eac h  f i s h  w i t h  a s t e r i l e  n e e d l e  and s y r i n g e  • A 
d rop  o f  b lood  was p u t  i n  a 0.6% s a l i n e  s o l u t i o n  on a s l i d e  and ob­
s e rv e d  under  low power f o r  Trypanoplasma b u l l o c k i  i n f e c t i o n .  I n t e n s i t y
was s co red  as l i g h t ,  m o d e ra t e ,  o r  heavy and c o n v e r t e d  t o  number of  
3f l a g e l l a t e s / m m  as  d e s c r i b e d  by B u r re so n  and Zwerner ( 1 9 8 4 ) .  The 
r em a in ing  b lood  was p la c e d  i n  a g l a s s  t e s t  t u b e ,  a l low ed  t o  c l o t  f o r  1 
hour  a t  room t e m p e r a t u r e  and th e n  r e f r i g e r a t e d  f o r  24 h o u r s .  Blood 
samples  were t h e n  c e n t r i f u g e d  f o r  5 m i n u t e s ,  s e r a  were  removed and 
p l a c e d  i n  0 . 5  ml p o ly p r o p y l e n e  c e n t r i f u g a t i o n  t u b e s ,  and s t o r e d  a t  -  
18°C u n t i l  a n a l y z e d .
9Immuno-blot
Antibody  t i t e r s  were measured by immuno-blot  EIA (B ioR ad) .  
P r e l i m i n a r y  a s s a y s  i n d i c a t e d  t h a t  t h e  b e s t  r e s u l t s  were o b t a i n e d  by 
u s in g  t h e  f o l l o w i n g  d i l u t i o n s :  an i n i t i a l  1:100 d i l u t i o n  o f  summer
f l o u n d e r  serum i n  a 1% g e l a t i n - t r i s  b u f f e r  s o l u t i o n  ( a n t i b o d y  b u f f e r ) ,  
a 1 :2000  d i l u t i o n  o f  r a b b i t  an t i - sum m er  f l o u n d e r  serum i n  a n t ib o d y  
b u f f e r  s o l u t i o n  (RASF), a 1:2000 d i l u t i o n  o f  r a b b i t  an t i -X *  b u l l o c k i  
serum (RATB) i n  a n t ib o d y  b u f f e r  s o l u t i o n ,  and a 1:3000 d i l u t i o n  of  
g o a t  a n t i - r a b b i t  -  h o r s e r a d i s h  p e r o x i d a s e  (GAR -  HRP, BioRad) con­
j u g a t e  i n  a n t ib o d y  b u f f e r  s o l u t i o n .
Summer f l o u n d e r  immunoglobin M (igM) was p u r i f i e d  on a s e p h a ro s e  
4B g e l  f i l t r a t i o n  column by J . S .  S t o l e n ,  N a t i o n a l  Marine  F i s h e r i e s  
S e r v i c e ,  Sandy Hook, New J e r s e y .  RASF was p r e p a r e d  by D.P .  Anderson ,  
N a t i o n a l  F i s h  H e a l t h  R esea rch  L a b o r a t o r y ,  K e a r n e y s v i l l e , West 
V i r g i n i a .  RATB was p r e p a r e d  by g i v i n g  a r a b b i t  3 IM i n j e c t i o n s  o f  
1 .4 5  x 107 l i v e  f l a g e l l a t e s  re su sp en d ed  i n  1 .0  ml o f  PBS on a l t e r n a t e  
days  i n t o  a r a b b i t .  The f i r s t  two i n j e c t i o n s  were  g iv e n  w i t h  an e q u a l  
volume o f  F r e u n d ' s  com ple te  a d j u v a n t .  The t h i r d  i n j e c t i o n  was w i t h o u t  
F r e u n d s .  Twelve days  a f t e r  th e  l a s t  i n j e c t i o n ,  th e  r a b b i t  was i n j e c t e d  
s u b c u ta n e o u s l y  w i t h  1 .45  x 107 PBS washed f l a g e l l a t e s .  The r a b b i t  was 
b l e d  7 days  l a t e r  v i a  c a r d i a c  p u c t u r e .
As-say.
A l l  e x p e r im e n t s  were r u n  a t  room t e m p e r a t u r e  (2 2 - 2 4 ° C ) .  Square (5 
mm) n i t r o c e l l u l o s e  membranes were  numbered,  soaked in  t r i s  b u f f e r e d  
s a l i n e  s o l u t i o n  (TBS, pH 7 . 5 )  f o r  5 m i n u t e s ,  and a i r  d r i e d .  A 3 u l  
d rop  o f  X. b u l l o c k i  c u l t u r e  ( 2 . 5  - 3 . 5  X 10^ f l a g e l l a t e s / m l )  was ap­
p l i e d  t o  each  s q u a re  and a i r  d r i e d .  The membranes were p l a c e d  i n  40
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ml a n t i g e n  b l o c k i n g  s o l u t i o n  (3% g e l a t i n - T B S )  and a g i t a t e d  on a 
l a b o r a t o r y  r o t a t o r  f o r  45 m i n u t e s .  Each membrane was t r a n s f e r r e d  t o  
t h e  a p p r o p r i a t e  v i a l  c o n t a i n i n g  3 . 0  ml o f  t h e  f i r s t  a n t i b o d y  s o l u t i o n  
(summer f l o u n d e r  serum i n  a n t ib o d y  b u f f e r )  and in c u b a te d  f o r  2 hours  
w i t h  g e n t l e  a g i t a t i o n .  The membranes were i n d i v i d u a l l y  r i n s e d  i n  
d e i o n i z e d  w a t e r  and washed 2 t im e s  f o r  10 m in u te s  each* i n  50 ml o f  a 
0.05% Tween -20  TBS s o l u t i o n  (TTBS). The membranes were t r a n s f e r r e d  to  
a p e t r i  d i s h  c o n t a i n i n g  30 ml o f  a second a n t ib o d y  s o l u t i o n  (1 :2000  
d i l u t i o n  RASF-antibody b u f f e r  s o l u t i o n )  and in c u b a te d  f o r  1 h o u r .  
Membranes were r i n s e d ,  washed ,  and th e n  p la c e d  i n  a p e t r i  d i s h  co n ­
t a i n i n g  30 ml o f  a  1:3000 d i l u t i o n  GAR-HRP/antibody b u f f e r  s o l u t i o n  
and in c u b a t e d  1 hour  w i t h  g e n t l e  a g i t a t i o n .  Membranes were r i n s e d  and 
washed 2 t im es  b e f o r e  b e in g  p la c e d  in  HRP s u b s t r a t e  c o l o r  development 
f o r  20 m in u te s  (30 u l  o f  30% i c e  c o ld  hydrogen  p e r o x id e  i n  50 ml o f  
TBs added t o  30 mg 3 ,3  -d iam in o  b e n z i d i n e  t e t r a h y d r o - c h l o r i d e  i n  10 ml 
o f  i c e  c o ld  m e t h a n o l ) .  P u r p l e  d o t s  where a n t i g e n  was a p p l i e d  i n d i c a t e d  
a p o s i t i v e  r e a c t i o n .  Two-fold d i l u t i o n s  were made on each  summer 
f l o u n d e r  serum t h a t  i n i t i a l l y  t e s t e d  p o s i t i v e .  Antibody t i t e r s  a r e  
e q u a l  t o  t h e  r e c i p r o c a l  o f  the  l a s t  d i l u t i o n  t h a t  t e s t e d  p o s i t i v e l y .
P o s i t i v e  and n e g a t i v e  c o n t r o l s  were  r u n  w i t h  each  a s s a y .  The 
p o s i t i v e  c o n t r o l  was r a b b i t  a n t i - Trypanoplasma b u l l o c k i  serum. The 
n e g a t i v e  c o n t r o l  was p r e - i n j e c t i o n  serum c o l l e c t e d  from t h e  same 
r a b b i t  (Appendix I I ) .
S i g n i f i c a n t  d i f f e r e n c e s  o f  a n t ib o d y  t i t e r s  and f l a g e l l a t e  i n t e n ­
s i t y  be tween  t r e a t m e n t s  was t e s t e d  by ANOVA. D i f f e r e n c e s  w i t h i n  a 
c e r t a i n  g roup  were  t e s t e d  by S t u d e n t ' s  t - t e s t .
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FIELD EXPERIMENT
J u v e n i l e  summer f l o u n d e r  were c o l l e c t e d  by o t t e r  t r a w l  month ly  
from November t o  J u l y  o f  1983-1984 and 1984-1985; from th e  York R i v e r ,  
James R iv e r  and lower  Chesapeake Bay.  F i s h  were b l e d  w i t h i n  2-3  days 
o f  c a p t u r e  and examined f o r  p r e s e n c e  o f  X* b u l l o c k i  i n f e c t i o n s .  Serum 
was a n a ly zed  f o r  t h e  p r e s e n c e  o f  a n t i b o d i e s  by t h e  method d i s c u s s e d  
above .
RESULTS
LABORATORY EXPERIMENT
F i s h  t h a t  were c h a l l e n g e d  w i t h  l i v e  f l a g e l l a t e s  u s i n g  l i g h t l y  
i n f e c t e d  l e e c h  v e c t o r s  n e v e r  became i n f e c t e d  and were excluded  from 
d a t a  a n a l y s i s *  T h e r e f o r e ,  sample s i z e s  o f  f i s h  m a in t a i n e d  a t  ambien t  
t e m p e r a t u r e  were reduced  from f i f t e e n  f i s h  i n  each  group t o  8 f i s h  in  
t h e  e t h a n o l - t r e a t e d  g r o u p ,  10 f i s h  i n  t h e  immunized g r o u p ,  and 10 f i s h  
i n  th e  c o n t r o l  g ro u p .  The sample s i z e  o f  f i s h  k e p t  a t  20°C remained  a t  
5 f i s h  p e r  g roup  1 , 2 ,  and 3 ,  and 8 f i s h  f o r  group 4 .  No d i f f e r e n c e s  
i n  a n t i b o d y  t i t e r  v a l u e s  was no te d  be tween  f i s h  immunized IM w i t h  
F reunds  and t h o s e  immunized w i t h o u t  F r e u n d s .  Data from th o s e  two 
t r e a t m e n t s  were combined f o r  a n a l y s i s .
20°C Water Tem pera tu re
Immunized and e t h a n o l - t r e a t e d e d  j u v e n i l e  summer f l o u n d e r  produced  
low a n t i b o d y  t i t e r s  3 weeks p o s t - im m u n iz a t io n  w i t h  f o r m a l i n - k i l l e d  X t  
b u l l o c k i  ( F i g u r e  1 ) .  A s i g n i f i c a n t  i n c r e a s e  i n  t i t e r  i n  b o t h  t h e  
immunized and e t h a n o l - t r e a t e d  f i s h  o c c u r r e d  2 weeks a f t e r  c h a l l e n g e  
w i t h  l i v e  f l a g e l l a t e s  and was s i g n i f i c a n t l y  g r e a t e r  (P < 0 .0 5 )  th a n  
t i t e r s  produced  by th e  c o n t r o l  f i s h .  There was no s i g n i f i c a n t  d i f ­
f e r e n c e  be tween  t i t e r s  o f  th e  immunized and e t h a n o l - t r e a t e d  f i s h .
A l l  f i s h  became i n f e c t e d  a f t e r  c h a l l e n g e  w i t h  l i v e  f l a g e l l a t e s
3( F i g u r e  2 ) ,  b u t  p a r a s i t e m i a  remained  below 600 f l a g e l l a t e s / m m  • Most 
f l a g e l l a t e  i n f e c t i o n s  were e l i m i n a t e d  by t h e  f i f t h  week p o s t - c h a l l e n g e
12
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F i g u r e  1.  Mean a n t ib o d y  t i t e r  o f  c o n t r o l ,  immunized,  and e t h a n o l -
t r e a t e d  summer f l o u n d e r  m a in t a i n e d  a t  20°C. Closed ar row 
i n d i c a t e s  t ime o f  im m uniza t ion  and open ar row i n d i c a t e s  
t ime  o f  c h a l l e n g e  w i t h  l i v e  f l a g e l l a t e s .  (N=5 f o r  each  
group a t  each  sample p e r i o d . )
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F i g u r e  2 .  Mean Trvpanoplasma b u l l o c k i  i n t e n s i t y  o f  c o n t r o l ,  im­
munized ,  and e t h a n o l - t r e a t e d  summer f l o u n d e r  m a in t a i n e d  a t
20°C. Closed  ar row i n d i c a t e s  t ime o f  im m uniza t ion  and open 
ar row i n d i c a t e s  t ime o f  c h a l l e n g e  w i t h  l i v e  f l a g e l l a t e s .  
(N=5 f o r  each  group a t  each sample p e r i o d . )
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(week 8 ) ,  and by t h e  e i g h t h  week p o s t - c h a l l e n g e  (week 11) a l l  f i s h  had 
e l i m i n a t e d  th e  p a r a s i t e .  S u b s e q u e n t l y ,  a l l  a n t ib o d y  t i t e r s  d e c r e a s e d .
A ntibody  t i t e r s  and f l a g e l l a t e  i n t e n s i t i e s  o f  f i s h  from Group 4 
showed no d i f f e r e n c e s  from th e  c o n t r o l  g roup ( F i g u r e s  3 and 4 ) .  Group 
4 f i s h  a l s o  e l i m i n a t e d  i n f e c t i o n s  8 weeks p o s t - c h a l l e n g e .  The f o u r  
f i s h  r e i n j e c t e d  w i t h  l i v e  f l a g e l l a t e s  e x h i b i t e d  a t y p i c a l  s econda ry  
r e s p o n s e ,  i . e .  t i t e r s  were 5 t im e s  g r e a t e r  th a n  t i t e r s  d u r i n g  th e  
p r im ary  r e s p o n s e .  F i s h  t h a t  were r e c h a l l e n g e d  d id  n o t  become 
r e i n f e c t e d •
Ambient Water  Tempera tu re
Antibody  t i t e r s  and p a r a s i t e  i n t e n s i t i e s  from each  group were
a n a ly z e d  i n  two c a t e g o r i e s :  m o r t a l i t i e s  and s u r v i v o r s .  M o r t a l i t y  was
»
50% in  e t h a n o l - t r e a t e d  and c o n t r o l  f i s h ,  and 60% i n  immunized f i s h  
(T ab le  1 ) .  Moribund f i s h  began  to  show anemia and a s c i t e s  d u r i n g  th e  
month o f  December.  Of t h e  e v e n t u a l  m o r t a l i t i e s  80 % e x p re s s e d  e i t h e r  
anemia o r  a s c i t e s ,  w i t h  o v e r  h a l f  o f  t h e  t o t a l  m o r t a l i t i e s  hav ing  b o t h  
symptoms.  M o r t a l i t y  o f  f i s h  b egan  i n  l a t e  J a n u a ry  w i t h  t h e  h i g h e s t  
number o f  m o r t a l i t i e s  o c c u r r i n g  i n  F e b ru a ry  c o n c u r r e n t  w i t h  t h e  lo w es t  
am bien t  w a t e r  t e m p e r a t u r e s  ( F i g u r e  5 ) .
No s i g n i f i c a n t  d i f f e r e n c e  (P < 0 .0 5 )  be tween  t i t e r s  o f  f i s h  t h a t  
d i e d  ( T a b le  2 and F i g u r e  6)  and th o s e  t h a t  s u r v iv e d  ( F i g u r e  7) was 
found from October  th ro u g h  F e b r u a r y .  The lo w e s t  t i t e r s  d u r in g  th e  
i n f e c t i o n  p e r i o d  o c c u r r e d  i n  e a r l y  F e b ru a ry  when t h e  w a t e r  t e m p e r a t u r e  
was be low  5°C. The f i s h  t h a t  s u r v iv e d  t h i s  p e r i o d  showed an  i n c r e a s e  
i n  a n t i b o d y  p r o d u c t i o n  when w a t e r  t e m p e r a t u r e s  i n c r e a s e d .  Maximum 
t i t e r  v a l u e s  o f  s u r v i v o r s  i n  a l l  t h r e e  g roups  o c c u r r e d  i n  A p r i l  when 
w a t e r  t e m p e r a t u r e  was g r e a t e r  t h a n  12°C.
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F i g u r e  3 ,  Mean a n t i b o d y  t i t e r  o f  summer f l o u n d e r  from Group 4 k e p t  a t
20°C. Open ar rows  i n d i c a t e  t ime o f  c h a l l e n g e s  w i t h  l i v e  
f l a g e l l a t e s .  Open c i r c l e s  = t i t e r  o f  8 f i s h  a f t e r  f i r s t  
c h a l l e n g e .  Closed c i r c l e s  = t i t e r  o f  4 f i s h  c h a l l e n g e d  
o n c e .  Closed  s q u a re s  = t i t e r  o f  4 f i s h  c h a l l e n g e d  t w i c e .
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F i g u r e  4 .  Mean Trvpanoplasma b u l l o c k i  i n t e n s i t y  o f  summer f l o u n d e r
from Group 4 k e p t  a t  20°C. Open arrows  i n d i c a t e  t ime  o f  
c h a l l e n g e s  w i t h  l i v e  f l a g e l l a t e s .  Open c i r c l e s  -  f l a g e l l a t e  
i n t e n s i t i e s  i n  8 f i s h  a f t e r  f i r s t  c h a l l e n g e .  Closed  c i r c l e s  
= f l a g e l l a t e  i n t e n s i t i e s  i n  4 f i s h  c h a l l e n g e d  o n c e .  Closed 
s q u a re s  = f l a g e l l a t e  i n t e n s i t i e s  i n  4 f i s h  a f t e r  second 
c h a l l e n g e •
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Table  1.  Number o f  s u r v i v i n g  summer f l o u n d e r  each  month o f  1984-1985 
l a b o r a t o r y  e x p e r i m e n t .
T rea tm en t NOV DEC JAN FEB MAR APR JUN JUL
E t h a n o l - t r e a t e d 8 /8 8 /8 8 /8 5 /8 4 / 8 4 / 8 4 /8 4 / 8
Immunized 10/10 10/10 7/10 5/10 4 /1 0 4 /10 4/10 4/10
C o n t ro l 10/10 10/10 10 /10 5/10 5 /10 5/10 5/10 5/10
a /b  where a = number o f  f i s h  a l i v e
b = number o f  f i s h  o r i g i n a l l y
19
F i g u r e  5.  Average weekly am bien t  w a t e r  t e m p e r a t u r e  from November 1984 
-  J u l y  1985.  Closed ar row i n d i c a t e s  t ime  o f  im muniza t ion  
and open ar row i n d i c a t e s  t ime o f  c h a l l e n g e  w i t h  l i v e  
f l a g e l l a t e s •
o m m
O
(N C N I
(o  '9 3 G) 3 a n i v a 3 d K G i
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Table  2* Number o f  
p r e s e n t e d
e v e n t u a l  m o r t a l i t i e s  
in  F i g u r e s  6 and 8.
sampled p e r month f o r d a t a
T rea tm en t  NOV DEC JAN FEB MAR APR
E t h a n o l - t r e a t e d  4 4 4 1 0 0
Immunized 6 6 3 1 0 0
C o n t r o l  5 5 5 0 0 0
F i g u r e  6 .  Mean a n t ib o d y  t i t e r  o f  c o n t r o l ,  immunized,  and e t h a n o l -  
t r e a t e d  summer f l o u n d e r  m a in t a i n e d  a t  am bien t  w a te r  
t e m p e r a t u r e  and t h a t  e v e n t u a l l y  d i e d .  C losed  arrow i n d i ­
c a t e s  t ime o f  im m uniza t ion  and open a r row i n d i c a t e s  t ime 
c h a l l e n g e  w i t h  l i v e  f l a g e l l a t e s .
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F i g u r e  7 .  Mean a n t ib o d y  t i t e r  o f  c o n t r o l ,  immunized, and e t h a n o l -
t r e a t e d  summer f l o u n d e r  m a in t a i n e d  a t  ambien t  t e m p e r a t u r e  
and t h a t  s u r v i v e d .  Closed ar row i n d i c a t e s  t ime o f  immuniza­
t i o n  and open ar row i n d i c a t e s  t ime o f  c h a l l e n g e  w i t h  l i v e  
f l a g e l l a t e s .  C o n t r o l  g roup  N=5, immunized group N=4, and 
e h t a n o l - t r e a t e d  g roup N=4.
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F l a g e l l a t e  i n t e n s i t y  was s i g n i f i c a n t l y  g r e a t e r  (P < 0 .0 5 )  i n
immunized and e t h a n o l - t r e a t e d  f i s h  which succumbed th a n  i n  f i s h  t h a t
s u r v iv e d  ( F i g u r e s  8 and 9 ) •  I n i t i a l  peak i n t e n s i t y  i n  December was
3g r e a t e r  th a n  2000 f l a g e l l a t e s / m m  i n  c o n t r o l  f i s h  and 4500 
3f l a g e l l a t e s / m m  i n  immunized and e t h a n o l - t r e a t e d  f i s h  t h a t  e v e n t u a l l y
3d i e d  compared t o  1500 f l a g e l l a t e s / m m  i n  a l l  t h r e e  s u r v i v o r  g r o u p s .
P a r a s i t e  i n t e n s i t y  d e c l i n e d  i n  Jan u a ry  i n  b o t h  moribund and s u r v i v o r
f i s h  when t i t e r s  re a c h e d  t h e i r  i n i t i a l  p eak .  Once t e m p e r a t u r e  and
a n t i b o d y  t i t e r s  d e c r e a s e d  i n  l a t e  J a n u a r y ,  f l a g e l l a t e  i n f e c t i o n s  i n
3
t h e  e v e n t u a l  m o r t a l i t i e s  r o s e  above 3000 f l a g e l l a t e s / m m  compared to
3l e s s  t h a n  2000 f l a g e l l a t e s / m m  i n  f i s h  t h a t  s u r i v i v e d .
Those f i s h  t h a t  s u r v i v e d  t h e  w i n t e r  months were a b l e  t o  e l i m i n a t e  
t h e  f l a g e l l a t e .  Time o f  f l a g e l l a t e  e l i m i n a t i o n  v a r i e d  i n  i n d i v i d u a l s  
from t h e  same g r o u p .  The f i r s t  o c c u r r e n c e  o f  f l a g e l l a t e  e l i m i n a t i o n  
was i n  l a t e  A p r i l  when t e m p e r a t u r e  reached  18°C. The m a j o r i t y  of  
i n f e c t i o n s  i n  a l l  t h r e e  g ro u p s  was r e s o l v e d  d u r in g  l a t e  May and e a r l y  
J u n e .  No f i s h  was i n f e c t e d  i n  J u l y .  A f t e r  th e  i n i t i a l  log g rowth  phase  
o f  th e  f l a g e l l a t e ,  f l a g e l l a t e  i n t e n s i t y  was i n v e r s e l y  r e l a t e d  t o  
a n t i b o d y  t i t e r ;  and a n t i b o d y  t i t e r  was d i r e c t l y  r e l a t e d  to  am bient  
t e m p e r a t u r e  i n  b o t h  t h e  m o r t a l i t y  and s u r v i v o r  g r o u p s .
FIELD  EXPERIMENT
J u v e n i l e  summer f l o u n d e r  were  e x t r e m e ly  r a r e  d u r in g  t h e  1984-1985 
i n f e c t i o n  p e r i o d  and to o  few f i s h  were c o l l e c t e d  t o  p e r m i t  m ean in g fu l  
a n a l y s i s .  T h e r e f o r e ,  f i e l d  d a t a  i n c l u d e s  on ly  t h o s e  f i s h  c a u g h t  from 
th e  lower  York R iv e r  d u r i n g  th e  1983-1984 s e a s o n .
The p r e v a l e n c e  i n  Trypanoplasma b u l l o c k i  i n f e c t i o n s  i n c r e a s e d  
from O c tober  t o  F e b r u a r y  ( F i g u r e  1 0 ) .  In  March and A p r i l  a p p ro x im a te ly
24
F i g u r e  8 ,  Mean Trypanoplasma b u l l o c k i  i n t e n s i t y  o f  e v e n t u a l  summer 
f l o u n d e r  m o r t a l i t i e s  m a in t a i n e d  a t  am bient  w a te r  
t e m p e r a t u r e .  Closed  arrow i n d i c a t e s  t ime o f  im muniza t ion  
and open ar row i n d i c a t e s  t ime o f  c h a l l e n g e  w i t h  l i v e  
f l a g e l l a t e s .
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F i g u r e  9.  Mean Trypanoplasma b u l l o c k i  i n t e n s i t y  o f  summer f l o u n d e r  
s u r v i v o r s  m a i n t a i n e d  a t  am bient  w a t e r  t e m p e r a t u r e .  Closed  
ar row i n d i c a t e s  t ime o f  immuniza t ion  and open a r row i n d i ­
c a t e s  t ime o f  c h a l l e n g e  w i t h  l i v e  f l a g e l l a t e s .
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F i g u r e  10,  P r e v a l e n c e  o f  Trypanoplasma b u l l o c k i  i n  n a t u r a l l y - i n f e c t e d  
summer f l o u n d e r  from t h e  York R iv e r  d u r in g  1983-1984 
i n f e c t i o n  p e r i o d ,  n =sample s i z e ,  U = u n i n f e c t e d ,  L = low 
i n f e c t i o n ,  M * mode ra te  i n f e c t i o n ,  and H = heavy 
i n f e c  t i o n .
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eq u a l  numbers o f  i n f e c t e d  t o  u n i n f e c t e d  f i s h  were p r e s e n t .  By May the  
p r e v a l e n c e  o f  T. b u l l o c k i - i n f e c t e d  summer f l o u n d e r  d e c r e a s e d ,  and in  
J u l y  no f i s h  sampled were  i n f e c t e d .
Antibody  t i t e r s  and f l a g e l l a t e  i n t e n s i t i e s  o f  summer f l o u n d e r  
ca u g h t  from th e  lower  York R iv e r  e x h i b i t e d  s i m i l a r  p a t t e r n s  and mag­
n i t u d e s  t o  t h o s e  t i t e r s  and i n t e n s i t i e s  o f  c o n t r o l  f i s h  m a in t a i n e d  a t  
ambien t  t e m p e r a t u r e s  ( F i g u r e s  11 and 1 2 ) .  The low es t  t i t e r  v a l u e  
o c c u r r e d  i n  J a n u a ry  and F e b ru a ry  when w a t e r  t e m p e r a t u r e  was be low 5°C 
( F i g u r e  1 3 ) .  T i t e r s  i n c r e a s e d  a f t e r  w a te r  t e m p e r a t u r e s  i n c r e a s e d  above 
10°C i n  t h e  s p r i n g .
The mean i n t e n s i t y  o f  Trypanoplasma b u l l o c k i  i n f e c t i o n  was 
h i g h e s t  d u r i n g  November and December and reac hed  s i m i l a r  v a l u e s  to  
i n t e n s i t i e s  found i n  f i s h  t h a t  d i e d  i n  th e  l a b o r a t o r y  e x p e r i m e n t .
F i g u r e  11. Mean a n t ib o d y  t i t e r  o f  n a t u r a l l y - i n f e c t e d  summer f lound  
d u r i n g  1983-1984.  See F i g u r e  10 f o r  sample s i z e .
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F ig u re  12. Mean Trypanoplasm a b u l l o c k i  i n t e n s i t y  o f  n a t u r a l l y - i n f e c t e d  
summer f lo u n d e r  d u r in g  1983-1984. See F ig u re  10 f o r  sample 
s i z e .
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F ig u re  13. Average m onth ly  York R iv e r  w a te r  te m p e ra tu r e  d u r in g  1983- 
1984.
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DISCUSSION
The k i n e t i c s  o f  th e  a c q u i re d  immune r e s p o n s e  in  n a t u r a l l y  and 
e x p e r im e n ta l ly  T rvpanoplasm a b u l l o c k i - i n f e c t e d  summer f lo u n d e r  were 
te m p e ra tu r e  dependen t*  Summer f lo u n d e r  m a in ta in e d  a t  20°C w ere a b le  to  
e s t a b l i s h  a s i g n i f i c a n t  r e s p o n s e  which en ab led  them to  e l i m i n a t e  th e  
f l a g e l l a t e  w i t h i n  e i g h t  Weeks* F i s h  m a in ta in e d  a t  am bien t te m p e ra tu re  
and th o s e  c o l l e c t e d  from th e  f i e l d  w ere u n a b le  to  e l i c i t  an immune 
r e s p o n s e  s i g n i f i c a n t  enough to  e l i m i n a t e  th e  h e m o f l a g e l l a t e  u n t i l  
t w e n t y - e ig h t  weeks p o s t - i n f e c t i o n .  During t h i s  tw e n t y - e ig h t  week 
p e r i o d ,  t e m p e ra tu r e s  rem ained  l e s s  th a n  5°C f o r  e i g h t  w eeks. E th a n o l -  
t r e a t e d  summer f l o u n d e r  w ere a b l e  to  e l im i n a t e  th e  f l a g e l l a t e  in  th e  
same tim e  p e r io d  as  immunized f lo u n d e r*  A ls o ,  e t h a n o l - t r e a t e d  f i s h  
e x h i b i t e d  a s i m i l a r  a n t ib o d y  re s p o n s e  a s  t h a t  found in  immunized f i s h *  
T h is  r e s u l t  was n o t  e x p ec ted  b e c a u se  p re v io u s  work by S to le n  e t  a l • 
(1985) showed t h a t  th e  hum oral immune r e s p o n s e  o f  summer f lo u n d e r  was 
su p p re s se d  when th e  f i s h  were p r e t r e a t e d  w i th  an  i n j e c t i o n  o f  95% 
e t h a n o l •
S e a so n a l  v a r i a t i o n  i n  f l a g e l l a t e  i n t e n s i t i e s ,  as  w e l l  as  s p e c i f i c  
a n t ib o d y  p r o d u c t io n  was a p p a re n t  in  f i e l d  and a m b ie n t - te m p e ra tu r e  
e x p e r im e n ta l  f i s h *  A l l  e x p e r im e n ta l  f i s h  w hich became i n f e c t e d  were 
a b le  t o  p roduce  s p e c i f i c  a n t i b o d i e s  a g a i n s t  T rvpanoplasm a b u l l o c k i . 
A n tibody  r e s p o n s e  was v a r i a b l e  in  i n d i v i d u a l  f i s h  o f  th e  same t r e a t ­
m en t,  and may be  e x p la in e d  by d i f f e r e n c e s  in  th e  g e n e t i c  c a p a b i l i t i e s
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in  summer f lo u n d e r  p o p u la t io n s  (Robohm and Sparrow , 1 9 8 1 ) .  I t  appea red  
t h a t  f i s h  which had a h ig h  a n t ib o d y  r e s p o n s e  were a b le  to  s u rv iv e  th e  
i n f e c t i o n .  When te m p e ra tu r e s  d e c re a se d  to  below 5°C, th e  p ro d u c t io n  o f  
s p e c i f i c  a n t ib o d y  was d r a s t i c a l l y  r e d u c e d ,  and when t e m p e ra tu r e s  began  
to  i n c r e a s e  in  th e  s p r i n g ,  so d id  a n t ib o d y  p r o d u c t i o n .  In  f i s h  h e ld  a t  
am bien t t e m p e r a tu r e ,  a n t ib o d y  t i t e r s  o f  th e  m agn itude  a t t a i n e d  by f i s h  
k e p t  a t  20°C o c c u r re d  o n ly  i n  th e  l a t e  s p r in g  (18  weeks l a t e r )  • This  
a g re e s  w i th  work by S to le n  and cow orkers  (1982) t h a t  showed a d e la y  in  
th e  ap p e a ra n c e  o f  c i r c u l a t i n g  a n t i b o d i e s ,  b u t  no marked s u p p r e s s io n  in  
t i t e r  o f  summer f lo u n d e r  h e ld  a t  low t e m p e r a t u r e s .  Im m unological 
memory was e s t a b l i s h e d  b e c a u se  e x p e r im e n ta l  i n f e c t i o n s  o c c u r re d  b e f o r e  
te m p e ra tu r e s  d e c r e a s e d  below  15°C, • A ccord ing  to  A v ta l io n  (1969) 
im m unolog ica l memory can  be e s t a b l i s h e d  w i t h i n  fo u r  days  i f  i t  i s  
a l low ed  to  d e v e lo p  a t  h ig h  t e m p e r a t u r e s .
C o n tro l  f i s h  h e ld  a t  am bien t te m p e ra tu re  and f i s h  from th e  York 
R iv e r  e x h i b i t e d  s i m i l a r  a n t ib o d y  p a t t e r n s ,  w i th  maximum t i t e r s  o c c u r ­
r in g  in  th e  l a t e  s p r i n g .  T h is  may su g g e s t  t h a t  m ost i n i t i a l  i n f e c t i o n s  
o f  Trypanoplasm a b u l l o c k i  i n  w i ld  summer f lo u n d e r  o c c u r  when w a te r  
te m p e ra tu r e s  a r e  above 10°C. A lthough  f l a g e l l a t e  i n t e n s i t y  p a t t e r n s  
were s i m i l a r  in  th e  f i e l d  and e x p e r im e n ta l  s a m p le s ,  i n i t i a l  peak 
i n t e n s i t y  i n  f i e l d  f i s h  was o v e r  5000 f l a g e l l a t e s /m m  • The h ig h  i n t e n ­
s i t y  may be  e x p la in e d  by th e  f a c t  t h a t  f i s h  in  th e  w ild  may be exposed 
to  h ig h e r  i n i t i a l  i n f e c t i v e  d o s e s .  A nother p o s s i b l e  e x p l a i n a t i o n  cou ld  
be  t h a t  te m p e ra tu r e s  i n  December, 1983 d e c re a s e d  from 1 0 ° to  3°C, and 
sam ples  were c o l l e c t e d  n e a r  th e  l a t t e r  p a r t  o f  th e  m onth , w hereas  in  
th e  e x p e r im e n ta l  s t u d y ,  te m p e ra tu r e s  s ta y e d  c l o s e  to  10°C f o r  th e  
month o f  December.
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S easo n a l  v a r i a t i o n s  in  th e  l e v e l s  o f  h e m o f l a g e l l a t e s  in  f i s h  o ve r  
th e  c o u r s e  o f  one y e a r  has  b een  no ted  i n  o t h e r  r e p o r t s ,  u o t t r e l l  
(1977) found t h a t  a h ig h  p r e v a l e n c e  o f  T ry p a n o s o m a  plat,tegS.afl L e b a i l l y  
in  w i ld  p l a i c e  occu red  in  F e b ru a ry  and March when w a te r  te m p e ra tu r e s  
w ere a t  t h e i r  lo w e s t ,  and a low p re v a le n c e  o f  i n f e c t i o n  o c c u r re d  
d u r in g  th e  summer. He a t t r i b u t e d  t h i s  s e a s o n a l  p a t t e r n  to  be th e  
r e s u l t  o f  t e m p e r a t u r e - c o n t r o l l e d  immunity t o  th e s e  p a r a s i t e s .  Barrow 
(1954) showed n in e  European f r e s h w a te r  f i s h  s u f f e r e d  t h e i r  h i g h e s t  
trypanosom e i n f e c t i o n s  j u s t  a f t e r  th e  w in t e r  s e a s o n ,  w hich he a t ­
t r i b u t e d  to  a d e c r e a s e  in  l y t i c  a c t i v i t y  a t  low te m p e ra tu r e s  •
The q u e s t i o n  a r i s e s  a s  t o  w hich phase  o f  th e  immune r e s p o n s e  i s  
t e m p e ra tu re  d e p e n d e n t  and w hich i s  r e s p o n s i b l e  f o r  th e  e l i m i n a t i o n  o f  
t h e  f l a g e l l a t e .  I t  may w e l l  be  t h a t  n o n - s p e c i f i c  com ponents o f  th e  
hum oral immune sy s tem , such  a s  com plem ent, c o m p le m e n t- re a c t iv e  
p r o t e i n ,  and lysozym e, may be th e  key f a c t o r  i n  d e fe n s e  a g a i n s t  some 
d i s e a s e s  in  f i s h  ( F l e t c h e r ,  1 9 8 2 ) .  Bower and Woo (1977) showed t h a t  
one mechanism f o r  l y s in g  h e m o f l a g e l l a t e s  i s  th e  a l t e r n a t e  pathway o f  
complement a c t i v a t i o n  w hich  d o es  n o t  r e q u i r e  th e  p r e s e n c e  o f  s p e c i f i c  
a n t i b o d i e s .  Sypek and B u rre so n  (1983) used th e  in  v i t r o  p lasm a in c u b a ­
t i o n  t e s t  to  m easure  th e  amount o f  l y t i c  a c t i v i t y  i n  e x p e r i m e n t a l l y -  
i n f e c t e d  summer f l o u n d e r .  T h e i r  r e s u l t s  showed no l y t i c  a c t i v i t y  in  
f i s h  k e p t  a t  5°C, as  w e l l  a s  an i n c r e a s e  in  f l a g e l l a t e  i n t e n s i t y .
They d id  f i n d  t h a t  l y t i c  a c t i v i t y  o c c u r re d  in  f i s h  h e ld  a t  24°C, and 
t h a t  f l a g e l l a t e s  w ere e l im in a te d  w i t h i n  6 w eeks . T h is  may e x p la in  why 
summer f lo u n d e r  from th e  w i l d ,  i n f e c t e d  i n  th e  f a l l  when te m p e ra tu r e s  
b e g in  to  f a l l  below  12°C, a r e  u n a b le  t o  e l i m i n a t e  th e  f l a g e l l a t e  even 
though a n t i b o d i e s  a r e  p r e s e n t .  The c e l l u l a r  immune r e s p o n s e  may a l s o
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p la y  an im p o r ta n t  r o l e  in  th e  e l i m i n a t i o n  o f  th e  h e m o f l a g e l l a t e .  F i s h  
k e p t  a t  5°C c o n ta in e d  m acrophages w i th  e n g u l fe d  t ry p an o p la sm s  (Sypek 
and B u r re s o n ,  1 9 8 3 ) ,  F u r t h e r  s t u d i e s  on th e  r o le *  i f  a n y ,  t h a t  macro­
phages  p la y  i n  th e  e l i m i n a t i o n  o f  T. b u l l o c k i  a r e  n eed e d .
T his  s tu d y  found t h a t  moribund f i s h  e x h i b i t e d  symptoms o f  anemia 
and a s c i t e s .  B u rre so n  and Zwerner (1984) ob se rv ed  t h a t  a s c i t i c  f i s h  do 
n o t  s u r v iv e  w in t e r  te m p e ra tu r e s  (5°C o r  l e s s )  from December th rough  
F e b ru a ry .  They a l s o  found th e  p e r io d  o f  h i g h e s t  m o r t a l i t y  i n  ex ­
p e r im e n ta l l y  Trvpanoplasm a b u l l o c k i - i n f e c t e d  f i s h  o c c u r re d  a t  
te m p e ra tu r e s  o f  0°  to  1.5°C •
D i f f e r e n t  ty p e s  o f  im m un iza tion  r o u te s  and d i f f e r e n t  forms o f  
k i l l e d  a n t ig e n s  have b een  t e s t e d  f o r  t h e i r  a b i l i t y  to  p r o t e c t  f i s h  
a g a i n s t  a v a r i e d  l i s t  o f  d i s e a s e s .  M o r t a l i t y  r a t e s  a r e  used  to  e s t a b ­
l i s h  th e  d i f f e r e n c e s  i n  th e  d e g re e  o f  p r o t e c t i o n  be tw een  g ro u p s  o f  
d i f f e r e n t  t r e a tm e n t s  (A n derson ,  1 9 7 4 ) .  Some im m unolog ica l t r e a tm e n t s  
have proved  s u c c e s s f u l  ( K lo n tz ,  1966, F u j i h a r a  and N a k a ta n i ,  1 9 7 9 ) ,  
w hereas  o t h e r s  have n o t  (K ran tz  e t  a l .  19 6 4 ) .  Ross and K lo n tz  (1965) 
found o r a l  a d m i n i s t r a t i o n  o f  p h e n o l - k i l l e d  redm outh e n t e r i c  o rgan ism s 
to  y e a r l i n g  ra inbow  t r o u t  p ro v id e d  e f f e c t i v e  p r o t e c t i o n  w i th  10% 
m o r t a l i t y  i n  immunized and 90% m o r t a l i t y  in  non-immunized f i s h .  Lom 
(1979) r e p o r t e d  t h a t  g o l d f i s h  in o c u la te d  w i th  i r r a d i a t e d  Trvpanoplasm a 
b o r e l l i  L averan  and M esn il  and th e n  s u b s e q u e n t ly  c h a l le n g e d  w i th  l i v e  
f l a g e l l a t e s  w ere n o t  p r o t e c t e d .  Sn iesko  and F r i d d l e  (1949) were n o t  
a b l e  to  show any s i g n i f i c a n t  d i f f e r e n c e s  i n  m o r t a l i t y  p a t t e r n s  betw een 
immunized and c o n t r o l  e a s t e r n  b ro o k  t r o u t  a g a i n s t  A e ro m o n a s  
s a lm o n c id a . The u s e  o f  f o r m a l i n - k i l l e d  a n t ig e n s  h as  had c o n t r a d i c t o r y  
r e s u l t s .  A v ta l io n  (1981) found t h a t  m o r t a l i t i e s  in  c a rp  immunized
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i n t r a p e r i t o n e a l l y  w i th  f o r m a l i n - k i l l e d  Aeromonas l i q u e f a c i e n s  was 1 
o u t  o f  29 a s  opposed to  9 o u t  o f  10 in  non-immunized f i s h .  K ran tz  e t  
a l .  (1964) were n o t  v e ry  s u c c e s s f u l  i n  p r o t e c t i n g  t r o u t  immunized w i th  
f o r m a l i n - k i l l e d  Aeromonas sa lm o n c id a  w i th o u t  a d ju v a n t .  From t h i s  
s t u d y ,  w i th  50-60% m o r t a l i t y  in  immunized and non-immunized summer 
f l o u n d e r ,  i t  a p p e a rs  t h a t  immunizing summer f lo u n d e r  w i th  f o r m a l in -  
k i l l e d  Trvpanoplasm a b u l l o c k i  d o es  n o t  p ro v id e  p r o t e c t i v e  im m unity . 
F o rm a l in  may have b een  r e s p o n s i b l e  f o r  a l t e r i n g  th e  a n t i g e n i c  b in d in g  
s i t e s  •
C o t t r e l l  (1977) b e l i e v e s  t h a t  th e  u se  o f  l i v i n g  a t t e n u a t e d  
s t r a i n s  o f  p a th o g en s  m igh t be more e f f e c t i v e  in  p ro v id in g  p r o t e c t i o n  
th a n  u s in g  k i l l e d  o rg a n is m s .  Summer f lo u n d e r  h e ld  a t  20°C deve lo p ed  
p r o t e c t i v e  immunity once th e y  e l im i n a te d  th e  i n i t i a l  i n f e c t i o n .  T h is  
was d e m o n s t ra te d  by th e  f a c t  t h a t  th e  f i s h  d id  n o t  become r e i n f e c t e d .  
Lorn (1979) and Woo (1981) showed t h a t  g o l d f i s h  which had s u rv iv e d  
e x p e r im e n ta l  i n f e c t i o n s  o f  Trypanosoma d a n ie le w s k v i  L averan  and M esn il 
co u ld  n o t  be  r e i n f e c t e d .
In  c o n c l u s i o n ,  summer f l o u n d e r  produced  s p e c i f i c  a n t i b o d i e s  
a g a i n s t  th e  f l a g e l l a t e  Trypanoplasm a b u l l o c k i .  Im m uniza tion  w i th  
f o r m a l i n - k i l l e d  f l a g e l l a t e s  d id  s t i m u l a t e  th e  p r o d u c t io n  o f  s p e c i f i c  
a n t i b o d i e s ,  i . e . ,  f i s h  mounted a  h ig h  seco n d ary  r e s p o n s e ,  b u t  d id  n o t  
p r o v id e  p r o t e c t i v e  immunity a g a i n s t  t ry p an o p la sm  i n f e c t i o n .
E x p e r im e n ta l  f i s h  which su rv iv e d  a m odera te  i n f e c t i o n ,  d id  n o t  become 
r e i n f e c t e d ,  r u t u r e  s t u d i e s  on f i e l d  f i s h  may d e m o n s t r a te  th e  same 
phenomenon. I t  i s  a p p a r e n t  from t h i s  s t u d y ,  t h a t  te m p e ra tu r e  p la y s  an 
im p o r ta n t  r o l e  i n  a f f e c t i n g  th e  immune r e s p o n s e .  At t h i s  tim e i t  would 
be p re m a tu re  to  s i n g l e  o u t  th e  p r o d u c t io n  o f  s p e c i f i c  a n t i b o d i e s  a s
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th e  main p a r t  o f  th e  immune r e s p o n s e  a f f e c t e d  by te m p e r a tu r e .  F u r th e r  
r e s e a r c h  i s  needed in  th e  a r e a s  o f  n o n - s p e c i f i c  and c e l l u l a r  d e f e n s e  
mechanisms •
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APPENDIX I# C u l tu r e s  and S tock s o l u t i o n s .
Trvpanoplasm a b u l l o c k i  s t e r i l e  c u l t u r e
78 ml Minimum e s s e n t i a l  medium w i th  25 mM HEPES b u f f e r  and 
H anks ' s a l t s ,  w i th o u t  L -g lu ta m in e
28 ml F e t a l  c a l f  serum , h e a t  i n a c t i v a t e d  a t  56°C f o r  30 m in u te s
1 ml L -g lu ta m in e  
1 ml P e n i c i l l i n - S t r p t o m y o c i n  
0 .3 3  g D e x tro se
P h o s p h a t e  B u f f e r  S a l i n e  (P B S )  pH 7 .2  
7 .20  g NaCl
1 .4 8  g Na2 HP0 ^ (a n h y d ro u s ,  d i b a s i c )
0 .4 3  g KH^PO^ ( a n h y d ro u s ,  m onobasic)
B ring  to  1 l i t e r  w i th  d i s t i l l e d ,  d e io n iz e d  H^O 
pH a d ju s t e d  to  7 .2  w i th  HC1
T r i s  B u f f e r  S a l in e  (TBS) pH 7 .5  
2 .4 2  g T r i s  
2 9 .2 4  g NaCl
B ring  to  1 l i t e r  w i th  d i s t i l l e d ,  d e io n iz e d  ^ 0  
pH a d j u s t e d  to  7 .5  w i th  HC1
Antigen S.locking SpinLion
100 ml T r i s  B u f f e r  S a l in e
3 g G e la t in
A ntibody B u f f e r  S o lu t i o n
200 ml T r i s  B u f f e r  S a l in e
2 g G e la t in
Colox-Development,Solution 
a 30 mg HRP C o lo r  Development (BIORAD)
10 ml Ice  Cold M ethanol
Make f r e s h  d a i l y  and p r o t e c t  from l i g h t  
b Make im m ed ia te ly  p r i o r  t o  u se  
30 u l  Ice  oo ld  30%
50 u l  T r i s  B u f f e r  S a l in e
Mix w i th  ( a )  a t  room te m p e ra tu re
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APPENDIX I I .  IMMUNO BLOT ASSAY FLOW CHART
3 u l  _T. b u l l o c k i  c u l t u r e  
a i r  d r i e d  on n i t r o c e l l u l o s e
B lo ck in g  s o l u t i o n  45 m in.
Contro l; i s h  sam ples
Summer f lo u n d e r  serum 
2 h. 1:100
Wash 2X
RATB RASF 1 h .  1 :2000IWash 2X
Ei o r E Ef i f GAR-HRP 1 h .  1 :3000 
|  Wash 2X
O  •  # E #0 :0 E#°  * Enzyme s u b s t r a t e /
c o lo r  r e a g e n t  20 min
Key: RATB -  R ab b i t  a n t i -T rypanop lasm a b u l l o c k i  serum
RASF -  R ab b i t  an t i-sum m er f lo u n d e r  im m unoglobulin 
GAR-HRP -  Goat a n t i - r a b b i t  im m u n o g lo b u l in /h o rse ra d ish  
p e ro x id a s e  c o n ju g a te
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APPENDIX I I I .  O b se rv a t io n s  o f  e x p e r im e n ta l ly  i n f e c t e d  j u v e n i l e  summer 
f lo u n d e r
KEY: TAG -  Tag number o f  f i s h
TR = T rea tm en t 1 -  Group 4 ,  20 C
2 -  C o n t r o l ,  20°u
3 -  C o n t r o l ,  am bien t
4 -  Immunized, 20°C
5 -  Immunized, am bien t
6 -  E T O H -trea ted ,  20°C
7 -  E T O H -trea ted ,  am bien t
DATE = D ate  f lo u n d e r  b lo o d  was sampled
WK = Week
3
INTEN -  F l a g e l l a t e  i n t e n s i t y  ( f l a g e l l a t e s / m m  ) 
TITER = A nitbody  t i t e r
40
TAG TR DATE WK INTEN TITER
029 2 101884 00 00000 0000
034 2 101884 00 00000 0000
038 2 101884 00 00000 0000
040 2 101884 00 00000 0000
047 2 101884 00 00000 0000
028 3 101884 00 00000 0000
030 3 101884 00 00000 0000
031 3 101884 00 00000 0000
032 3 101884 00 00000 0000
033 3 101884 00 00000 0000
037 3 101884 00 00000 0000
039 3 101884 00 00000 0000
041 3 101884 00 00000 0000
045 3 101884 00 00000 0000
048 3 101884 00 00000 0000
127 4 101884 00 00000 0000
128 4 101884 00 00000 0000
130 4 101884 00 00000 0000
137 4 101884 00 00000 0000
142 4 101884 00 00000 0000
126 5 101884 00 00000 0000
129 5 101884 00 00000 0000
131 5 101884 00 00000 0000
132 5 101884 00 00000 0000
133 5 101884 00 00000 0000
134 5 101884 00 00000 0000
136 5 101884 00 00000 0000
138 5 101884 00 00000 0000
139 5 101884 00 00000 0000
140 5 101884 00 00000 0000
145 5 101884 00 00000 0000
104 6 101884 00 00000 0000
105 6 101884 00 00000 0000
107 6 101884 00 00000 0000
111 6 101884 00 00000 0000
116 6 101884 00 00000 0000
101 7 101884 00 00000 0000
103 7 101884 00 00000 0000
108 7 101884 00 00000 0000
109 7 101884 00 00000 0000
110 7 101884 00 00000 0000
112 7 101884 00 00000 0000
113 7 101884 00 00000 0000
118 7 101884 00 00000 0000
029 2 110784 03 00000 0000
034 2 110784 03 00000 0000
038 2 110784 03 00000 0000
040 2 110784 03 00000 0000
047 2 110784 03 00000 0000
028 3 110784 03 00000 0000
TAG TR DATE WK INTEN TITER
030 3 110784 03 00000 0000
031 3 110784 03 00000 0000
032 3 110784 03 00000 0000
033 3 110784 03 00000 0000
037 3 110784 03 00000 0000
039 3 110784 03 00000 0000
041 3 110784 03 00000 0000
045 3 110784 03 00000 0000
048 3 110784 03 00000 0000
127 4 110784 03 00000 0000
128 4 110784 03 00000 0800
130 4 110784 03 00000 0400
137 4 110784 03 00000 0000
142 4 110784 03 00000 0000
126 5 110784 03 00000 0100
129 5 110784 03 00000 0100
131 5 110784 03 00000 0100
132 5 110784 03 00000 0100
133 5 110784 03 00000 0000
134 5 110784 03 00000 0000
136 5 110784 03 00000 0200
138 5 110784 03 00000 0000
139 5 119784 03 00000 0000
140 5 110784 03 00000 0200
145 5 110784 03 00000 0000
104 6 110784 03 00000 0100
105 6 110784 03 00000 0100
107 6 110784 03 00000 0100
111 6 110784 03 00000 0100
116 6 110784 03 00000 0100
101 7 110784 03 00000 0100
103 7 110784 03 00000 0100
108 7 110784 03 00000 0100
109 7 110784 03 00000 0100
110 7 110784 03 00000 0200
112 7 110784 03 00000 0100
113 7 110784 03 00000 0100
118 7 110784 03 00000 0800
029 2 111484 04 00050 0000
034 2 111484 04 00150 0000
038 2 111484 04 00000 0000
040 2 111484 04 00000 0000
047 2 111484 04 00050 0000
028 3 111484 04 00000 0100
030 3 111484 04 00050 0000
031 3 111484 04 00150 0100
032 3 111484 04 00150 0000
033 3 111484 04 00050 0100
037 3 111484 04 00050 0000
039 3 111484 04 00000 0100
41
TAG TR DATE WK INTEN TITER
041 3 111484 04 00000 0000
045 3 111484 04 00000 0100
048 3 111484 04 00050 0000
127 4 111484 04 00050 0200
128 4 111484 04 00050 0400
130 4 111484 04 00000 0100
137 4 111484 04 00050 0000
142 4 111484 04 00000 0100
126 5 111484 04 00000 0200
129 5 111484 04 00000 0400
131 5 111484 04 00000 0000
132 5 111484 04 00000 0400
133 5 111484 04 00000 0400
134 5 111484 04 00050 0200
136 5 111484 04 00000 0100
138 5 111484 04 00000 0100
139 5 111484 04 00000 0000
140 5 111484 04 00000 0100
145 5 111484 04 00000 0000
104 6 111484 04 00000 0000
105 6 111484 04 00150 0000
107 6 111484 04 00000 0000
111 6 111484 04 00050 0000
116 6 111484 04 00150 0100
101 7 111484 04 00150 0100
103 7 111484 04 00000 0100
108 7 111484 04 00000 0000
109 7 111484 04 00000 0000
110 7 111484 04 00150 0000
112 7 111484 04 00000 0000
113 7 111484 04 00150 0000
118 7 111484 04 00050 0200
029 2 112184 05 00150 0000
034 2 112184 05 00150 0800
038 2 112184 05 00000 0400
040 2 112184 05 00050 0200
047 2 112184 05 00150 0200
028 3 112184 05 99999 9999
030 3 112184 05 99999 9999
031 3 112184 05 99999 9999
032 3 112184 05 99999 9999
033 3 112184 05 99999 9999
037 3 112184 05 99999 9999
039 3 112184 05 99999 9999
041 3 112184 05 99999 9999
045 3 112184 05 99999 9999
048 3 112184 05 99999 9999
127 4 112184 05 00150 1600
128 4 112184 05 00150 1600
130 4 112184 05 00050 1600
TAG TR DATE WK INTEN TITER
137 4 112184 05 00300 3200
142 4 112184 05 00150 1600
126 5 112184 05 99999 9999
129 5 112184 05 99999 9999
131 5 112184 05 99999 9999
132 5 112184 05 99999 9999
133 5 112184 05 99999 9999
134 5 112184 05 99999 9999
136 5 112184 05 99999 9999
138 5 112184 05 99999 9999
139 5 112184 05 99999 9999
140 5 112184 05 99999 9999
145 5 112184 05 99999 9999
104 6 112184 05 00150 1600
105 6 112184 05 02000 1600
107 6 112184 05 00300 1600
111 6 112184 05 00300 1600
116 6 112184 05 00300 1600
101 7 112184 05 99999 9999
103 7 112184 05 99999 9999
108 7 112184 05 99999 9999
109 7 112184 05 99999 9999
110 7 112184 05 99999 9999
112 7 112184 05 99999 9999
113 7 112184 05 99999 9999
118 7 112184 05 99999 9999
029 2 112884 06 00150 0200
034 2 112884 06 00050 1600
038 2 112884 06 00000 0200
040 2 112884 06 00050 0200
047 2 112884 06 00150 0400
028 3 112884 06 00300 0000
030 3 112884 06 00700 0000
031 3 112884 06 00300 0100
032 3 112884 06 00150 0000
033 3 112884 06 00300 0000
037 3 112884 06 00300 0000
039 3 112884 06 00300 0000
041 3 112884 06 00300 0000
045 3 112884 06 00150 0000
048 3 112884 06 00150 0000
127 4 112884 06 00300 1600
128 4 112884 06 00050 1600
130 4 112884 06 00150 1600
137 4 112884 06 00300 3200
142 4 112884 06 00050 1600
126 5 112884 06 00150 0100
129 5 112884 06 00700 0400
131 5 112884 06 00050 0000
132 5 112884 06 00300 0400
TAG TR DATE WK INTEN TITER TAG TR DATE WK INTEN TITER
133 5 112884 06 00700 0400
134 5 112884 06 02000 0800
136 5 112884 06 00300 0100
138 5 112884 06 00300 0400
139 5 112884 06 00700 0000
140 5 112884 06 00150 0200
145 5 112884 06 00700 0000
104 6 112884 06 00050 1600
105 6 112884 06 00300 1600
107 6 112884 06 00200 3200
111 6 112884 06 00300 1600
116 6 112884 06 00200 1600
101 7 112884 06 00700 0200
103 7 112884 06 00050 0000
108 7 112884 06 00700 0000
109 7 112884 06 00700 0200
110 7 112884 06 00150 0000
112 7 112884 06 00000 0100
113 7 112884 06 00700 0000
118 7 112884 06 00700 1600
029 2 121284 08 00150 0400
034 2 121284 08 00000 1600
038 2 121284 08 00000 0100
040 2 121284 08 00000 0200
047 2 121284 08 00150 0800
028 3 121284 08 00200 0000
030 3 121284 08 01000 0000
031 3 121284 08 00700 0000
032 3 121284 08 00150 0000
033 3 121284 08 00150 0000
037 3 121284 08 00200 0000
039 3 121284 08 00300 0000
041 3 121284 08 00150 0000
045 3 121284 08 00000 0000
048 3 121284 08 00150 0000
127 4 121284 08 00050 0800
128 4 121284 08 00000 1600
130 4 121284 08 00050 1600
137 4 121284 08 00100 3200
142 4 121284 08 00000 0800
126 5 121284 08 02000 0000
129 5 121284 08 01000 1600
131 5 121284 08 05000 0000
132 5 121284 08 01000 0400
133 5 121284 08 02000 0800
134 5 121284 08 02000 1600
136 5 121284 08 01000 0100
138 5 121284 08 01000 0400
139 5 121284 08 01000 0000
140 5 121284 08 00150 3200
145 5 121284 08 02000 0000
104 6 121284 08 00050 1600
105 6 121284 08 00150 1600
107 6 121284 08 00000 1600
111 6 121284 08 00150 0800
116 6 121284 08 00100 0800
101 7 121284 08 01000 0100
103 7 121284 08 00150 0000
108 7 121284 08 01000 0100
109 7 121284 08 00150 0200
110 7 121284 08 00300 0200
112 7 121284 08 00000 0000
113 7 121284 08 01000 0100
118 7 121284 08 00300 3200
029 2 010285 10 00000 0200
034 2 010285 10 00000 1600
038 2 010285 10 00000 0100
040 2 010285 10 00000 0400
047 2 010285 10 00000 0100
028 3 010285 10 00300 0000
030 3 010285 10 02000 0000
031 3 010285 10 03500 0000
032 3 010285 10 00150 0200
033 3 010285 10 02000 0200
037 3 010285 10 00700 0100
039 3 010285 10 03500 0100
041 3 010285 10 00700 0100
045 3 010285 10 03500 0000
048 3 010285 10 00300 0000
127 4 010285 10 00000 0400
128 4 010285 10 00050 0800
130 4 010285 10 00000 0800
137 4 010285 10 00000 0800
142 4 010285 10 00000 0200
126 5 010285 10 03500 0000
129 5 010285 10 00300 1600
131 5 010285 10 08000 0000
132 5 010285 10 03500 0800
133 5 010285 10 08000 1600
134 5 010285 10 02000 1600
136 5 010285 10 03500 0400
138 5 010285 10 02000 0800
139 5 010285 10 13500 0400
140 5 010285 10 00300 3200
145 5 010285 10 02000 0400
104 6 010285 10 00000 0200
105 6 010285 10 00000 1600
107 6 010285 10 00000 0400
111 6 010285 10 00000 0200
116 6 010285 10 00000 0100
43
TAG TR DATE WK INTEN TITER
101 7 010285 10 03500 0800
103 7 010285 10 00300 0000
108 7 010285 10 03500 0400
109 7 010285 10 02000 0800
110 7 010285 10 03500 0400
112 7 010285 10 00000 0000
113 7 010285 10 08000 0100
118 7 010285 10 02000 3200
029 2 012985 14 00000 0100
034 2 012985 14 00000 0800
038 2 012985 14 00000 0000
040 2 012985 14 00000 0100
047 2 012985 14 00000 0000
028 3 012985 14 00150 0100
030 3 012985 14 00300 0100
031 3 012985 14 01000 0100
032 3 012985 14 00150 0200
033 3 012985 14 00150 0100
037 3 012985 14 00300 0100
039 3 012985 14 01000 0100
041 3 012985 14 00000 0100
045 3 012985 14 02000 0000
048 3 012985 14 00300 0000
127 4 012985 14 00000 0100
128 4 012985 14 00000 0200
130 4 012985 14 00000 0200
137 4 012985 14 00000 0200
142 4 012985 14 00000 0100
126 5 012985 14 02000 0100
129 5 012985 14 01000 0800
132 5 012985 14 02000 0800
133 5 012985 14 05000 0800
134 5 012985 14 01000 1600
136 5 012985 14 01000 0400
138 5 012985 14 01000 1600
140 5 012985 14 00300 1600
145 5 012985 14 00300 0400
104 6 012985 14 00000 0400
105 6 012985 14 00000 1600
107 6 012985 14 00000 0000
111 6 012985 14 00000 0100
116 6 012985 14 00000 0200
101 7 012985 14 01000 0200
103 7 012985 14 00300 0000
108 7 012985 14 03500 0400
109 7 012985 14 00300 0400
110 7 012985 14 01000 0800
112 7 012985 14 00000 0000
113 7 012985 14 02000 0100
118 7 012985 14 01000 1600
TAG TR DATE WK INTEN TITER
029 2 022685 18 00000 0000
034 2 022685 18 00000 0100
038 2 022685 18 00000 0000
040 2 022685 18 00000 0100
047 2 022685 18 00000 0000
028 3 022685 18 00300 0000
030 3 022685 18 05000 0000
037 3 022685 18 00300 0000
041 3 022685 18 00300 0100
045 3 022685 18 05000 0000
048 3 022685 18 02000 0000
127 4 022685 18 00000 0100
128 4 022685 18 00000 0100
130 4 022685 18 00000 0100
137 4 022685 18 00000 0200
142 4 022685 18 00000 0100
129 5 022685 18 02000 0400
132 5 022685 18 02000 0100
136 5 022685 18 03500 0100
138 5 022685 18 02000 0400
140 5 022685 18 00700 0800
145 5 022685 18 02000 0400
104 6 022685 18 00000 0000
105 6 022685 18 00000 0800
107 6 022685 18 00000 0000
111 6 022685 18 00000 0000
116 6 022685 18 00000 0200
101 7 022685 18 02000 0100
103 7 022685 18 02000 0000
109 7 022685 18 05000 0000
112 7 022685 18 00000 0000
118 7 022685 18 02000 1600
029 2 032685 22 99999 9999
028 3 032685 22 00200 0200
030 3 032685 22 03500 0100
031 3 032685 22 99999 9999
037 3 032685 22 00000 0200
045 3 032685 22 01000 0100
048 3 032685 22 00200 0100
137 4 032685 22 00000 0200
129 5 032685 22 01000 0800
132 5 032685 22 00700 1600
138 5 032685 22 00300 0800
140 5 032685 22 00150 3200
144 5 032685 22 00700 0000
145 5 032685 22 00700 0800
101 7 032685 22 00700 0200
103 7 032685 22 00700 0200
112 7 032685 22 00000 0000
118 7 032685 22 03500 3200
44
TAG TR DATE WK INTEN TITER TAG TR DATE WK INTEN TITER
02 9 2 040985 24 99999 9999 129 5 052285 30 00150 3200
028 3 040985 24 00150 0200 132 5 052285 30 00000 0800
030 3 040985 24 00300 0400 140 5 052285 30 00000 1600
031 3 040985 24 99999 9999 144 5 052285 30 00150 0200
037 3 040985 24 00150 0000 145 5 052285 30 00000 0800
045 3 040985 24 00150 0800 101 7 052285 30 00000 0400
048 3 040985 24 00150 0100 103 7 052285 30 00000 0800
129 5 040985 24 00300 0800 118 7 052285 30 00000 0800
132 5 040985 24 00150 1600 028 3 060485 32 00000 0100
140 5 040985 24 00000 3200 030 3 060485 32 00000 0000
144 5 040985 24 05000 0000 037 3 060485 32 00000 0000
145 5 040985 24 00300 0800 045 3 060485 32 00000 0000
101 7 040985 24 00200 0200 128 4 060485 32 00000 0200
103 7 040985 24 00700 0400 129 5 060485 32 00000 1600
118 7 040985 24 01000 3200 132 5 060485 32 00000 0200
02 9 2 042385 26 99999 9999 140 5 060485 32 00000 1600
028 3 042385 26 00150 0200 144 5 060485 32 00000 0100
030 3 042385 26 00200 0000 145 5 060485 32 00000 1600
031 3 042385 26 99999 9999 101 7 060485 32 00000 0100
037 3 042385 26 00000 0000 103 7 060485 32 00000 0400
045 3 042385 26 00150 0000 028 3 061885 34 00000 0000
048 3 042385 26 00000 0100 030 3 061885 34 00000 0000
129 5 042385 26 00150 1600 037 3 061885 34 00000 0000
132 5 042385 26 00150 1600 045 3 061885 34 00000 0000
140 5 042385 26 00000 3200 048 3 061885 34 00000 0000
144 5 042385 26 03500 0100 129 5 061885 34 00000 0000
145 5 042385 26 00150 0200 132 5 061885 34 00000 0000
101 7 042385 26 00150 0100 140 5 061885 34 00000 0800
103 7 042385 26 00300 0800 144 5 061885 34 00000 0100
118 7 042385 26 00150 1600 145 5 061885 34 00000 0400
02 9 2 050685 28 99999 9999 101 7 061885 34 00000 0000
028 3 050685 28 00000 0200 103 7 061885 34 00000 0200
030 3 050685 28 00300 0100 112 7 061885 34 00000 0000
031 3 050685 28 99999 9999 118 7 061885 34 00000 0000
037 3 050685 28 00000 0200 028 3 070285 36 00000 0000
045 3 050685 28 00000 0200 030 3 070285 36 00000 0000
048 3 050685 28 00000 0100 037 3 070285 36 00000 0000
129 5 050685 28 00150 1600 045 3 070285 36 00000 0000
132 5 050685 28 00150 1600 048 3 070285 36 00000 0000
140 5 050685 28 00300 3200 132 5 070285 36 00000 0000
144 5 050685 28 00300 0200 140 5 070285 36 00000 0000
145 5 050685 28 00150 0800 145 5 070285 36 00000 0100
101 7 050685 28 00000 0200 101 7 070285 36 00000 0000
103 7 050685 28 00150 0800 103 7 070285 36 00000 0000
118 7 050685 28 00150 1600 112 7 070285 36 00000 0000
028 3 052285 30 00000 0000 118 7 070285 36 00000 0000
030 3 052285 30 00150 0000
037 3 052285 30 00000 0000
045 3 052285 30 00000 0100
048 3 052285 30 00000 0000
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APPENDIX IV* O b se rv a t io n s  o f  Trypanoplasm a b u l l o c k i  i n f e c t i o n s  in  
summer f lo u n d e r  from th e  York R ive r  1983-1984*
DATE LENGTH INT. TITER DATE LENGTH INT. TITER
101083 196 00000 0000 030784 221 00000 0000
112083 192 02000 0100 030784 202 00000 0000
112083 187 00300 0000 030784 185 00000 0100
112083 160 02000 0000 030784 220 00000 0000
112083 212 00300 0000 030784 190 08000 0100
112083 201 00300 0000 030784 183 00300 0000
112083 192 00000 0100 030784 216 00300 0000
112083 160 00300 0000 030784 213 08000 0000
112083 157 08000 0100 030784 203 00000 0000
112083 187 00300 0000 030784 194 02000 0000
112083 178 00000 0000 030784 220 12000 0100
112083 197 00300 0100 030784 207 00300 0000
112083 188 02000 0000 030784 206 02000 0100
122183 172 00300 0100 030784 207 00300 0100
122183 168 02000 0000 030784 254 02000 0100
122183 198 08000 0000 030784 223 00300 0400
122183 189 02000 0200 030784 209 00000 0100
122183 144 02000 0000 030784 200 00000 0100
122183 163 08000 0200 030784 198 00300 0100
122183 155 08000 0100 030784 206 00300 0100
122183 151 12000 0200 030784 196 00000 0100
012384 183 08000 0000 041284 205 00000 0000
012384 138 00300 0000 041384 343 00000 0100
012384 162 00300 0000 041384 334 00000 0000
012384 163 00300 0000 041384 329 00000 0400
012384 142 00300 0000 041384 290 00300 0100
012684 200 00300 0100 041384 223 00200 0400
012684 175 00300 0100 041384 182 00000 0000
012684 215 02000 0000 041384 202 00150 0100
012684 198 02000 0100 041384 215 00000 0100
012684 153 00000 0100 041384 211 00150 0100
012684 156 02000 0000 041384 193 00150 0000
012684 169 00300 0000 041384 148 00300 0000
012684 212 02000 0100 041384 162 00150 0000
012684 196 00000 0100 041384 189 00150 0100
012684 167 00000 0000 041384 180 08000 0100
022184 201 00300 0000 041384 202 00000 0100
022184 202 02000 0100 041384 181 00000 0200
022184 134 08000 0000 041384 170 00300 0200
022184 171 00300 0000 041384 192 00300 0000
022184 198 00000 0000 041384 187 02000 0000
022184 174 00000 0100 041384 236 00300 0100
022184 174 00200 0200 041384 162 00300 0000
022184 202 00200 0100 041384 192 00300 0100
022384 201 08000 0000 041384 161 00300 0000
022384 188 00300 0000 041384 261 00000 0200
022384 200 00700 0000 041384 147 00000 0400
022384 192 00300 0000 041384 203 02000 0000
030784 201 00300 0000 041384 146 00000 0100
46
030784 183 00000 0000 041384 158 00150 0400
DATE LENGTH INT. TITER
041384 205 02000 0400
041384 191 00300 0800
041284 183 00300 0100
041384 209 00150 0000
041384 222 00000 0100
041384 257 00000 0000
041384 256 00000 0000
041384 270 00150 0000
041384 250 00000 0000
051084 223 00000 0400
051084 209 00000 0100
051084 180 03500 0100
051084 274 00000 0200
051084 290 00000 0200
051084 211 00000 0200
051084 270 00300 0800
051084 200 00000 0100
051084 203 08000 0200
060784 223 99999 0200
060784 270 99999 0200
060784 200 00000 0000
060784 203 02000 0400
060784 180 00300 0200
060784 194 00000 0800
060784 177 00000 0100
070984 223 00000 0100
070984 180 00000 0200
070984 200 00000 0100
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